Ninety patients (age range 49-99 yr) with a fracture of the neck of the femur were anaesthetized by a technique using halothane in oxygen in a closed circuit, halothane and 66% nitrous oxide in oxygen in a Magill circuit or artificial ventilation with 66% nitrous oxide in oxygen ("IPPV group"). In all three groups, there was a small decrease in Pao 8 from an overall mean of 9.07 kPa before operation to 8.13 kPa at 60 min after anaesthesia. There was no significant difference between the groups in respect of the decrease; it was concluded that closed-circuit halothane in oxygen anaesthesia for this type of surgery was not accompanied by a significant degree of absorption collapse.
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SUMMARY
Ninety patients (age range 49-99 yr) with a fracture of the neck of the femur were anaesthetized by a technique using halothane in oxygen in a closed circuit, halothane and 66% nitrous oxide in oxygen in a Magill circuit or artificial ventilation with 66% nitrous oxide in oxygen ("IPPV group"). In all three groups, there was a small decrease in Pao 8 from an overall mean of 9.07 kPa before operation to 8.13 kPa at 60 min after anaesthesia. There was no significant difference between the groups in respect of the decrease; it was concluded that closed-circuit halothane in oxygen anaesthesia for this type of surgery was not accompanied by a significant degree of absorption collapse.
Absorption collapse of lung alveoli may occur during oxygen breathing and this is aggravated when there is a predisposition to airway closure. Recently, there has been a resurgence of interest in closed-circuit halothane in oxygen anaesthesia as a method of reducing contamination of the operating theatre environment. If low concentrations of nitrogen are inspired during such an anaesthetic technique, absorption collapse may occur. It has been calculated that, during breathing of 90% oxygen, collapse may occur in 10 min and, with 80% oxygen, collapse may occur in 60 min in the presence of unstable VjQ ratios (West, 1975) . We have examined the effect of halothane in oxygen anaesthesia in elderly patients with a fracture of the femoral neck, a group with a wide scatter of V/Q ratios, in whom it is likely that the critical V/Q ratio is exceeded. As it is common for patients of this type to be anaesthetized using IPPV with myoneural blockade, a comparison has been made between closed-circuit halothane in oxygen, semi-closed circuit nitrous oxide in oxygen and halothane, and IPPV with nitrous oxide/relaxant anaesthesia.
METHODS
Initially, 25 patients were allocated randomly to two groups, one to receive maintenance anaesthesia comprising halothane in oxygen in a closed circuit (closed group), the other to receive maintenance anaesthesia comprising halothane and nitrous oxide in oxygen delivered via a Magill circuit (open group). Subsequently, a further 65 patients were allocated randomly to one of these two groups or to receive maintenance anaesthesia comprising artificial ventilation with 66% nitrous oxide in oxygen and neuromuscular blockade with pancuronium (IPPV group).
All the patients had been in hospital for 1-4 days before surgery, which comprised insertion of either a JTB or KY nail (85 patients) or a Thompson prosthesis (five patients). Many of the patients suffered from medical problems common to this age group, including controlled cardiac failure, arterial hypertension, atrial fibrillation, ischaemic heart disease, cerebro-vascular disease, diabetes and senile depression. Only four patients volunteered a history of "chronic bronchitis"; two had previous pulmonary tuberculosis, one of these having undergone pneumonectomy.
None of the patients received premedication. In the anaesthetic room, the axillary temperature was recorded and arterial blood was withdrawn into a heparinized plastic syringe and analysed immediately using an ABL 1 blood-gas analyser for Po 2 , Pco 2 , pH, base excess and haemoglobin concentration and saturation. Following this, an envelope was opened to determine the method of maintenance of anaesthesia.
Anaesthesia was induced with Althesin 2-4 ml. Tracheal intubation was performed following the administration of suxamethonium 50-70 mg i.v. Maintenance anaesthesia was as follows:
"Open group". The patient breathed halothane 0.5-1.5% and nitrous oxide 70% in oxygen via a Magill circuit.
"Closed group". The patients breathed halothane in oxygen from a closed circuit, with carbon dioxide absorption, into which was passed halothane vaporized from a Fluotec Mk III in an oxygen flow rate varying from 150 to 400 ml min-1 . Thus, in most instances, a true closed-circuit technique was not employed. An Ivac oxygen analyser was inserted into the inspiratory limb of the circuit. No deliberate attempt was made to de-nitrogenate the patients, and the technique was not varied in any way from the usual practice of the anaesthetist involved.
"IPPVgroup". Following the return of spontaneous ventilation, after induction of anaesthesia, pancuronium 4-6 mg was given i.v. and the patient was ventilated with 70% nitrous oxide in oxygen at a tidal volume of approximately 8-10 ml per kg body weight and minute volume of approximately 80 ml per kg body weight. At the end of surgery, residual neuromuscular blockade was antagonized with neostigmine 2.5 mg i.v. and atropine 1.2 mg i.v.
In all instances, a fine suction catheter was inserted into the respiratory tract to effect tracheal toilet before the tracheal tube was removed.
Following surgery, the patients were transferred to a recovery room. Unless there was a clinical indication, the patients breathed air. A second arterial sample was obtained 60 min after terminating the anaesthetic and, when oxygen therapy had been employed, it was discontinued for 20 min before arterial sampling. Axillary temperature was recorded at 30-min intervals in the recovery room. Blood-gas measurements were corrected for the difference in temperature between the patient and the electrodes in the ABL 1 instrument. (PA O2 -Pa Oi ) was calculated as follows:
An assumed value of 0.8 for R was taken because of the difficulties in obtaining a mixed expired gas sample for the calculation of R and the practical problems in obtaining a true sample of gas expirate for calculation of R by the method of Leigh and Tyrell (1968) . This latter method was utilized by Drummond (1975) in a study of 20 patients aged 26-72 yr undergoing upper abdominal surgery and an R value of 0.9 was found on the first day after surgery. It is appreciated, therefore, that the calculated (PA 02 -Pa Os ) values in the present study may be in error to the extent of 0.5-0.8 kPa, but it seems most unlikely that this would not be a consistent error.
RESULTS
As there were no substantial differences between the results obtained in the "open" and "closed" groups and the results in the "IPPV" group, all the results were collected together for analysis.
General details of the 90 patients in the study are shown in table I. The mean age of the patients was similar in all three groups and there was no significant difference in the duration of the surgery, blood loss or volume of crystalloid solution infused during surgery. Only one patient, in the open group, was given blood (1000 ml) during surgery.
There was a significant decrease in Hb in all three groups but the values after operation did not differ between groups.
There was a significant decrease in axillary temperature from the mean value, before operation, of 36.7 °C for all patients to 36.0 °C at 30 min after the end of anaesthesia, followed by a gradual increase over the subsequent hour during which the patients remained in the recovery room (table II) .
Although there was no significant difference in the arterial Po z values after operation, there was a significantly smaller Po 2 in the closed group before anaesthesia (table III) . A small but statistically significant greater Pa C0|! in the closed group was found at 60 min after anaesthesia. The base excess was significantly less in the open group compared with the IPPV group after anaesthesia (table III) .
Using the paired Student's t test, there was a small but significant decrease in Po 2 in all three groups, associated with a very small increase in Pco 2 . The (PA Oa -Pa Os ) values increased significantly in all three groups whilst there was a very small decrease in base excess.
Measurement of the inspired oxygen concentrations in the "closed" group of patients showed that the mean oxygen concentration did not exceed 90% immediately before the end of surgery (table IV) .
DISCUSSION
In this study, we have found no significant difference in the blood-gas data after operation in three groups of patients anaesthetized by three different but commonly employed anaesthetic techniques. In particular, there was no difference in the Pa Oa or (PA 02 -Pa Oz ) values in the "closed" group and the other two. Although the decrease in Pa Oa from the period before operation to after operation was slightly smaller in the "closed" group, there was no significant difference between the three groups.
It has been suggested that breathing high concentrations of oxygen may predispose to absorption collapse before the development of oxygen toxicity. Oxygen toxicity may produce collapse as a result of an effect on pulmonary capillaries, alveolar type I cells or the production of surfactants by the alveolar type II cells (Smith and Shields, 1975) . Non-toxic absorption collapse has been shown to occur with oxygen breathing at reduced lung volumes (Burger and Macklem, 1968) and at normal lung volumes in the absence of coughing or sighing (Burger and Mead, 1969) . The absence of a significant difference between the (PAQ, -P&OJ difference after operation in our three groups of patients indicates that halothane in oxygen anaesthesia, in the circumstances of this study, was not accompanied by the development of a significant degree of absorption collapse.
There is an increase in the extent of airway closure as age progresses (Leblanc, Ruff and Mih'c-Emili, 1970 ) and the induction of anaesthesia is associated with a reduction in functional residual capacity during both spontaneous (Hewlett et al. 3 1974a) and controlled ventilation (Hewlett et al., 1974b) . Both these factors might be expected to enhance any predisposition to absorption collapse during oxygen breathing. However, there is conflicting data on the effect of breathing 100% oxygen on FRC during anaesthesia. Dery and co-workers (1965) noted an immediate decrease in FRC during breathing of 100% oxygen, but Don and his colleagues (1970) found no evidence of a change in FRC during anaesthesia following the introduction of 100% oxygen into the inspired gas. Although differences in techniques and anaesthesia may account for this discrepancy, the use of FRC measurements does not define the presence or extent of absorption collapse occurring distal to closed airways.
Hyperoxia does produce an increase in effective shunting under some circumstances (Smith, 1975) . Kerr (1975) found that, in ventilated patients in the intensive therapy unit, there was an increase in shunting as Fi 02 was increased between 0.4 and 0.9 as a result of changes in either distribution of ventilation or of pulmonary perfusion. West (1975) and his colleagues have calculated that lung units with Vj'() ratios of less than the "critical" value may collapse in approximately 6 min with 100% oxygen, 40 min with 90% oxygen, or less than 60 min with 80% oxygen. With 100% oxygen, the critical V/Q may be between 0.001 and 0.03 and, although the "critical" VlQ decreases as the Fi Oi decreases, lung units with such low ventilation to perfusion ratios would be expected to be present in an elderly population such as the patients in the present study.
It may be that our failure to demonstrate any apparent effect in the present study was related to the relatively high concentration of nitrogen in the circuit (table IV) and that a longer duration of anaesthesia would be associated with the development of absorption collapse. Alternatively, either an hyperoxic-induced shunt may have been reversed during the recovery period, or the patients in the "closed" group possessed a lower cardiac output or higher oxygen consumption in the period after operation. Although this is unlikely, the exclusion of these factors would require a more complex study than that described here.
Nitrous oxide is a more soluble gas than is nitrogen and, theoretically, there should be a greater tendency for absorption collapse to occur in the presence of nitrous oxide in oxygen mixtures than nitrogen in oxygen mixtures. However, this hypothesis has not been supported by blood-gas data immediately after (Wildsmith and Masson, 1974) or blood-gas data and lung volume measurements 24 h after anaesthesia (Logan, Spence and Smith, 1977) .
The nitrogen concentrations during closed-circuit anaesthesia have been measured by Barton and Nunn (1975) , and they found, during totally closed-circuit anaesthesia, a value of the order of 10% nitrogen after 60 min. It must be remembered that, in our study, although there was no preliminary period of deliberate denitrogenation, most patients were exposed to slightly higher than basal flows of oxygen and there was some escape of oxygen and nitrogen through the relief valve.
In summary, although there is substantial theoretical evidence to suggest that high oxygen concentrations predispose to rapid development of absorption collapse (Dantzker, Wagner and West, 1975; West, 1975) , we have not found any difference in arterial oxygenation after operation in elderly patients subjected to hip surgery following halothane in oxygen anaesthesia. Furthermore, the mean arterial Po 2 was only 0.93 kPa less than the value before operation at a time 60 min after discontinuing anaesthesia. This would suggest that oxygen therapy is not indicated routinely in the postoperative management of these patients. 
COMPARAISON DE L'EFFET DE TROIS TECHNIQUES D'ANESTHESIE SUR L'OXYGENATION ARTERIELLE POST-OPERATOIRE DES PERSONNES AGEES

RESUME
Quatre-vingt-dix personnes (agees de 49 a 99 ans) ayant une fracture du col du femur ont ete anesth6siees a l'aide d'une technique basee sur l'usage d'halothane dans l'oxygene en circuit ferme\, d'halothane et de 66% de protoxyde d'azote dans l'oxygene en circuit ferm£, d'halothane et de 66% de protoxyde d'azote dans l'oxygene en circuit "Magill" ou de ventilation artificielle avec 66% de protoxyde d'azote dans l'oxygene (Groupe IPPV). Dans les trois groupes, il y a eu une l£gere diminution de la Pao,y qui est passe'e d'une moyenne g6n£rale de 9,07 kPa avant l'ope>ation a 8,13 kPa, 60 min apres I'anesth6sie. On n'a pas constat£ de differences importantes entre ces groupes, en ce qui concerne la diminution de la /"ao,, et il en a et£
COMPARACION ENTRE LOS EFECTOS DE TRES TECNICAS ANESTESICAS EN LA OXIGENACION ARTERIAL POSTOPERATORIA EN PERSONAS DE EDAD AVANZADA
SUMARIO
Noventa pacientes (edades entre 49-99 aiios) con fractura del cuello del femur, fueron anestesiados mediante una tecnica que hace uso de halotano en oxigeno en un circuito cerrado, halotano y un 66% de oxido nitroso en un circuito Magill o ventilaci6n artificial con un 66% de oxido nitroso en oxigeno ("grupo IPPV"). En los tres grupos se produjo una pequefia disminucidn en el Pao, de un promedio general de 9,07 kPa antes de la operaci6n a 8,13 kPa 60 min despu£s de la anestesia. No se produjo una diferencia significativa entre los grupos en lo que respecta a la disminucion; se concluyo que la anestesia de halotano en oxigeno en circuito cerrado para este tipo de cirugia no va acompanada por un grado significativo de colapso de abscorcion.
